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(57) ABSTRACT 

Abelt searn treatment apparatus includes a support element 
With a smooth surface that supports the seam region of the 
belt and a heat and pressure source that heats a treatment 
strip and the belt searn region and that forces the treatment 
strip against the belt searn region. The support element can 
be a tube over Which the belt hangs and can include a 
vacuum belt hold system that secures the seam region 
against the tube during treatment. The heat and pressure (21) Appl. No.: 10/693,552 
source can be a heated pressure bar engaging the entire searn 
region or a heated pressure Wheel traversing the seam region 

(22) Filed: Oct. 24, 2003 of the entire belt Width. 
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FLEXIBLE IMAGING MEMBER SEAM 
TREATMENT APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a divisional of US. application Ser. No. 
10/063,974, ?led May 30, 2002 by the same inventors, and 
claims priority therefrom. This divisional application is 
being ?led in response to a restriction requirement in that 
prior application. 
[0002] This application is related to US. patent applica 
tion Ser. No. 10/063,971 (Attorney Docket No. D/A2002), 
entitled IMPROVED FLEXIBLE IMAGING MEMBER 
SEAM TREATMENT, US. patent application Ser. No. 
10/063,973 (Attorney Docket No. D/A2002Q1), entitled 
FLEXIBLE IMAGING MEMBER SEAM TREATMENT 
ARTICLE AND PREPARATION METHOD THEREOF, 
and US. patent application Ser. No. 10/063,972 (Attorney 
Docket No. D/A2002Q), entitled FLEXIBLE IMAGING 
MEMBER SEAM TREATMENT APPARATUS, all ?led on 
May 30, 2002, the disclosures of Which are hereby incor 
porated by reference in their entirety. In addition, this 
application is related to US. patent application Ser. No. 
09/428,932, ?led on Oct. 28, 1999 in the names of Yu et al. 
and entitled SEAM STRESS RELEASE AND PROTRU 
SIONS ELIMINATION PROCESS, (Attorney Docket No. 
D/96182Q3), the entire disclosure of Which is incorporated 
herein by reference. 

BACKGROUND AND SUMMARY 

[0003] Embodiments generally relate to a seam morpho 
logical improvement approach, and, more speci?cally, to a 
post ultrasonically-Welded seam overcoat treatment for ?ex 
ible imaging member belts. 

[0004] Flexible electrostatographic belt imaging members 
are Well knoWn in the art. Typical electrostatographic ?ex 
ible belt imaging members include, for example, photore 
ceptors for electrophotographic imaging systems, electrore 
ceptors such as ionographic imaging members for 
electrographic imaging systems, and intermediate image 
transfer belts for transferring toner images in electrophoto 
graphic and electrographic imaging systems. These belts are 
usually formed by cutting a rectangular, a square, or a 
parallelogram shape sheet from a Web containing at least one 
layer of thermoplastic polymeric material, overlapping 
opposite ends of the sheet, and joining the overlapped ends 
together to form a Welded seam. The seam extends from one 
edge of the belt to the opposite edge. Generally, these belts 
comprise at least a supporting substrate layer and at least one 
imaging layer comprising thermoplastic polymeric matrix 
material. The imaging layer as employed herein is de?ned as 
and refers to any of the dielectric imaging layer of an 
electroreceptor belt, the transfer layer of an intermediate 
transfer belt, and the charge transport layer of an electro 
photographic belt. Thus, the thermoplastic polymeric matrix 
material in the imaging layer is generally located in the 
upper portion of a cross section of an electrostatographic 
imaging member belt, the substrate layer being in the loWer 
portion of the cross section of the electrostatographic imag 
ing member belt. Although the ?exible belts of interest 
include the mentioned types, for simplicity reasons, the 
discussion hereinafter Will be focus on the electrophoto 
graphic imaging member belts. 
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[0005] BetWeen the substrate and imaging layers, such 
?exible electrophotographic imaging members or multilay 
ered photoreceptors also typically include an electrically 
conductive layer, an optional hole blocking layer, an adhe 
sive layer, a charge generating layer, and, in some embodi 
ments, an anti-curl backing layer. One type of multilayered 
photoreceptor comprises a layer of ?nely divided particles of 
a photoconductive inorganic compound dispersed in an 
electrically insulating organic resin binder to form a layer 
that is charge generating and charge transporting. A typical 
layered photoreceptor having separate charge generating 
(photogenerating) and charge transport layers is described in 
US. Pat. No. 4,265,990, the entire disclosure thereof being 
incorporated herein by reference. In negatively-charged 
varieties of such photoreceptors, a charge generating layer is 
capable of photogenerating holes and injecting the photo 
generated holes into the charge transport layer. 

[0006] Although excellent toner images can be obtained 
With multilayered belt photoreceptors, it has been found that 
as more advanced, higher speed electrophotographic copi 
ers, duplicators and printers are developed, fatigue-induced 
cracking of the charge transport layer at the Welded seam 
area is frequently encountered during photoreceptor belt 
cycling. Moreover, the onset of seam cracking has also been 
found to rapidly lead to seam delamination due to fatigue, 
shortening belt service life. Dynamic fatigue seam cracking 
can possibly happen in ionographic imaging member belts 
as Well. 

[0007] As mentioned above, ?exible electrostatographic 
imaging members are typically fabricated from a sheet cut 
from an imaging member Web, generally in a rectangular or 
parallelogram shape, and a sheet is formed into a belt by 
joining overlapping opposite marginal end regions of the 
sheet. A seam is typically produced in the overlapping 
marginal end regions at the point of joining. Joining can be 
effected by any suitable means, such as by Welding (includ 
ing ultrasonic), gluing, taping, pressure heat fusing, and the 
like. Ultrasonic Welding is generally the preferred method of 
joining because it is rapid, clean (no solvents), and produces 
a thin and narroW seam. In addition, ultrasonic Welding is 
preferred because the mechanical pounding of the Welding 
horn causes generation of heat at the contiguous overlapping 
end marginal regions of the sheet to maximiZe melting of 
one or more layers therein. A typical ultrasonic Welding 
process is carried out by holding doWn the overlapped ends 
of a ?exible imaging member sheet With vacuum against a 
?at anvil surface and guiding the ?at end of an ultrasonic 
vibrating horn transversely across the Width of the sheet, 
over and along the length of the overlapped ends, to form a 
Welded seam. 

[0008] When ultrasonically Welded into a belt, the seam of 
multilayered electrophotographic imaging ?exible members 
can occasionally contain undesirable high protrusions such 
as peaks, ridges, spikes, and mounds. These seam protru 
sions present problems during image cycling of the belt 
machine because they interact With cleaning blades to cause 
blade Wear and tear, Which ultimately affects cleaning blade 
ef?ciency and service life. Moreover, the protrusion high 
spots in the seam can also interfere With the operation of 
subsystems of copiers, printers and duplicators by damaging 
electrode Wires used in development subsystems that posi 
tion the Wires parallel to and closely spaced from the outer 
imaging surface of belt photoreceptors. These closely 
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spaced Wires are employed to facilitate the formation of a 
toner powder cloud at a development Zone adjacent to a 
toner donor roll and the imaging surface of the belt imaging 
member. Another frequently observed mechanical failure in 
the imaging belts during image cycling is that, after being 
subjected to extended bending and ?exing cycles over small 
diameter belt support rollers, the ultrasonically Welded seam 
of an electrophotographic imaging member can develop 
cracks that propagate and lead to delamination of the belt. 
Additionally, such cracking and delamination can result 
from lateral forces caused by mechanical rubbing contact 
against stationary Web edge guides of a belt support module 
during cycling. Seam cracking and delamination is further 
aggravated When the belt is employed in electrophoto 
graphic imaging systems utiliZing blade cleaning devices 
and some operational imaging subsystems. Alteration of 
materials in the various photoreceptor belt layers such as the 
conductive layer, hole blocking layer, adhesive layer, charge 
generating layer, and/or charge transport layer to suppress 
cracking and delamination problems is not easily accom 
plished. The alteration of the materials can adversely impact 
the overall physical, electrical, mechanical, and other prop 
erties of the belt such as Well as coating layer uniformity, 
residual voltage, background, dark decay, ?exibility, and the 
like. 

[0009] As mentioned above, When a ?exible imaging 
member used in an electrophotographic machine is a pho 
toreceptor belt fabricated by ultrasonic Welding of over 
lapped opposite ends of a sheet, the ultrasonic energy 
transmitted to the overlapped ends melts the thermoplastic 
sheet components in the overlap region to form a seam. The 
ultrasonic Welded seam of a multilayered photoreceptor belt 
is relatively brittle and loW in strength and toughness. The 
joining techniques, particularly the Welding process, can 
result in the formation of a splashing that projects out from 
either side of the seam in the overlap region of the belt. The 
overlap region and splashings on each side of the overlap 
region comprise a strip from one edge of the belt to the other 
that is referred herein as the seam region. The seam region 
of a typical overlap seamed ?exible belt is about 1.6 times 
thicker than the thickness of the body of the belt. Because of 
the splashing, a typical ?exible imaging member seamed 
belt has a peak splashing height of about 76 micrometers 
above the surface of the imaging layer at the junction 
betWeen the top splashing and the surface of the belt. The 
junction meeting point is the undesirable site of physical 
discontinuity Which has been found to act as a stress 
concentration point that facilitates early onset of seam 
cracking/delamination under the dynamic fatigue-inducing 
conditions to Which imaging members are subjected in 
normal use. 

[0010] The photoreceptor belt in an electrophotographic 
imaging apparatus undergoes bending strain as the belt is 
cycled over a plurality of support and drive rollers. The 
excessive thickness of the photoreceptor belt in the seam 
region due to the presence of the splashing results in a large 
induced bending strain as the seam travels over each roller. 
Generally, small diameter support rollers are highly desir 
able for simple, reliable copy paper stripping systems in 
electrophotographic imaging apparatus utiliZing a photore 
ceptor belt system operating in a very con?ned space. 
Unfortunately, small diameter rollers, e.g., less than about 
0.75 inch (19 millimeters) in diameter, raise the threshold of 
mechanical performance criteria to such a high level that 
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photoreceptor belt seam failure can become unacceptable for 
multilayered belt photoreceptors. For example, When bend 
ing over a 19 millimeter diameter roller, a typical photore 
ceptor belt seam splashing can develop a 0.96 percent tensile 
strain due to bending. This is 1.63 times greater than a 0.59 
percent induced bending strain that develops Within the rest 
of the photoreceptor belt. Therefore, the 0.96 percent tensile 
strain in the seam splashing region of the belt represents a 63 
percent increase in stress placed upon the seam splashing 
region of the belt. 

[0011] Under dynamic fatiguing conditions, the seam pro 
vides a focal point for stress concentration and becomes the 
point of crack initiation Which is further developed into 
seam delamination causing premature mechanical failure in 
the belt. Thus, the splashing tends to shorten the mechanical 
life of the seam and service life of the ?exible member belts 
used in copiers, duplicators, and printers. 

[0012] Although a solution to suppress the seam cracking/ 
delamination problems has been successfully demonstrated, 
as described in a prior art, by a speci?c heat treatment 
process of a ?exible electrophotographic imaging member 
belt With its seam parked directly on top of a 19 mm 
diameter back support rod for stress-releasing treatment at a 
temperature slightly above the glass transition temperature 
(Tg) of the charge transport layer of the imaging member, 
nevertheless this seam stress release process Was also found 
to produce various undesirable effects such as causing seam 
area imaging member set and development of belt ripples in 
the active electrophotographic imaging Zones of the belt 
(e.g., the region beyond about 25.2 millimeters from either 
side from the midpoint of the seam). Moreover, the heat 
treatment can induce undesirable circumferential shrinkage 
of the imaging belt. The set in the seam area of an imaging 
member mechanically adversely interacts With the cleaning 
blade and impacts cleaning ef?ciency. The ripples in the 
imaging member belt manifest themselves as copy printout 
defects. Further, the heat induced imaging belt dimensional 
shrinkage alters the precise dimensional speci?cations 
required for the belt. Another key shortcoming associated 
With the prior art seam stress release heat treatment process 
is the extensive heat exposure of a large seam area. This 
extensive heat exposure heats both the seam area of the belt 
as Well as the rod supporting the seam. Since the belt must 
be cooled to beloW the glass transition temperature of the 
thermoplastic material in the belt prior to removal from the 
support rod to produce the desired degree of seam stress 
release in each belt, the heat treatment and cooling cycle 
time is unduly long and leads to very high belt production 
costs. Additionally, such seam heat treatment stress-release 
processing does not produce the desired seam surface 
smoothing and protrusion spot elimination. 

[0013] Since there is no effective Way to prevent the 
generation of localiZed high protrusions at the seam, imag 
ing member belts are inspected, right after seam Welding belt 
production process, manually by hand Wearing a cotton 
glove through passing the index ?nger over the entire seam 
length and belts found catching the glove by the protrusions 
are identi?ed as production rejects. Both the time consuming 
procedure of manual inspection and the number of seamed 
belts rejected due to the presence of high seam protrusions 
constitute a substantial ?nancial burden on the production 
cost of imaging members. 
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[0014] The following references may be of interest: 

[0015] Us. Pat. No. 5,190,608, issued Mar. 2, 1993 to 
Darcy et al., discloses a ?exible belt having an outwardly 
facing surface, a Welded seam having irregular protrusion on 
the outWardly facing surface and a thin ?exible strip lami 
nated and covering the Welded seam and protrusions. This 
belt can be fabricated by providing a ?exible belt having an 
outWardly facing surface and a Welded seam having irregu 
lar protrusions on the outWardly facing surface and lami 
nating a thin ?exible strip to the Welded seam. The belt can 
be used in an electrostatographic imaging process. 

[0016] Us. Pat. No. 5,549,999, issued Aug. 27, 1996 to 
SWain et al, discloses a process for coating ?exible belt 
seams including providing a ?exible belt having an out 
Wardly facing surface and a Welded seam, forming a smooth 
liquid coating comprising a hardenable ?lm forming poly 
mer on the Welded seam, the coating being substantially free 
of fugitive solvent, and hardening the coating to form a 
smooth solid coating on the seam. 

[0017] Us. Pat. No. 5,582,949, issued Dec. 10, 1996 to 
BigeloW et al, discloses a process for coating ?exible belt 
seams including providing a ?exible belt having an out 
Wardly facing surface and a Welded seam, forming a smooth 
liquid coating on the Welded seam, the liquid coating com 
prising a ?lm forming polymer and a fugitive liquid carrier 
in Which the belt surface is substantially insoluble, and 
removing the fugitive liquid carrier to form a smooth solid 
coating on the seam. 

[0018] Us. Pat. No. 6,328,922 Bi, issued Dec. 11, 2001 to 
Mishra et al, discloses a process for post treatment of an 
imaging member belt including providing a support member 
having a smooth ?at surface, proving a ?exible belt having 
a Welded seam, supporting the inner surface of the seam on 
the smooth ?at surface, contacting the seam With a heated 
surface, heating the seam region With the heated surface to 
raise the temperature in the seam region to a temperature of 
from about 2° C. to 20° C. about the Tg of the thermoplastic 
polymer material, and compressing the seam With the heated 
surface With suf?cient compression pressure to smooth out 
the seam. 

[0019] Us. Pat. No. 5,552,005, issued Sep. 3, 1996 to 
Mammino et al, discloses a ?exible imaging sheet and a 
method of constructing a ?exible imaging sheet. The method 
of constructing a ?exible imaging sheet comprises overlap 
ping, joining, and shaping ?rst and second marginal end 
regions of a sheet to form an overlap region and a non 
overlap region joined to one another by a seam in the overlap 
region With a generally planar surface co-planar With a 
surface of the non-overlap region. The ?rst and second 
marginal end regions are secured to one another in the 
overlap region by the seam, and are substantially co-planar 
to minimiZe stress on the ?exible imaging sheet. Minimi 
Zation of stress concentration, resulting from dynamic bend 
ing of the ?exible imaging sheet during cycling over a roller 
Within an electrophotographic imaging apparatus, is particu 
larly accomplished in the present invention. 

[0020] Us. Pat. No. 6,074,504 to Yu et al, issued Jun. 13, 
2000, discloses a process for treating a seamed ?exible 
electrostatographic imaging belt including providing an 
imaging belt having tWo parallel edges, the belt comprising 
at least one layer comprising a thermoplastic polymer matrix 
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and a seam extending from one edge of the belt to the other, 
the seam having an imaginary centerline, providing an 
elongated support member having at arcuate supporting 
surface and mass, the arcuate surface having at least a 
substantially semicircular cross section having a radius of 
curvature of betWeen about 9.5 millimeters and about 50 
millimeters, supporting the seam on the arcuate surface With 
the region of the belt adjacent each side of the seam 
conforming to the arcuate supporting surface of the support 
member, precisely traversing the length of the seam from 
one edge of the belt to the other With thermal energy 
radiation having a narroW Gaussian Wavelength distribution 
of betWeen about 10.4 micrometers and about 11.2 microme 
ters emitted from a carbon dioxide laser, the thermal energy 
radiation forming a spot straddling the seam during traverse, 
the spot having a Width of betWeen about 3 millimeters and 
about 25 millimeters measured in a direction perpendicular 
to the imaginary centerline of the seam, and rapidly quench 
ing the seam by thermal conduction of heat from the seam 
to the mass of the support member to a temperature beloW 
the glass transition temperature of the polymer matrix While 
the region of the belt adjacent each side of the seam 
conforms to the arcuate supporting surface of the support 
member. 

[0021] While these and other innovative prior art 
approaches provided improved ?exible belt seam morphol 
ogy, nevertheless it has been found that solution of one 
problem has also created neW undesirable issues. For 
example, overcoating the seam of a photoreceptor belt With 
metallic foil can cause electrical seam arcing as the belt 
cycles beneath a charging device during electrophotographic 
imaging processes. Additionally, application of liquid over 
coating layer over the seam induced charge transport mol 
ecule crystalliZation in the vicinity of the seam overcoat, not 
to mention that liquid overcoating layer can produce poor 
adhesion bond strength to the seam after solidi?cation into 
a dried coat. Thus, there is a continuing need for electros 
tatographic imaging belts having improved Welded seam 
design that is resistant to seam cracking/delamination, sub 
stantially free of seam protrusions, has improved seam 
region physical continuity, and is substantially free of factors 
that damage imaging subsystems. 

[0022] Furthermore, there is an urgent need to provide 
seamed ?exible imaging belts With an improved seam mor 
phology Which can Withstand greater dynamic fatigue con 
ditions thereby extending belt service life. It is also impor 
tant, from the imaging member belt production point of 
vieW, that effective cutting of unit manufacturing cost of 
seamed imaging belts can be realiZed if an innovative post 
seaming treatment process can be developed and adopted for 
belt ?nishing implementation to provide the improvement of 
morphological seam surface smoothing free of protrusion 
spots and to effect the elimination of physical discontinuity 
at the junction meeting point Where the top seam splashing 
making contact With the belt surface. 

[0023] Embodiments of the instant invention provide such 
an improved electrostatographic imaging member that sub 
stantially overcomes the above-noted de?ciencies by pro 
viding a morphologically improved seamed electrostato 
graphic imaging member. Embodiments yield an improved 
electrostatographic imaging member With an ultrasonically 
Welded seam Which, after being subjected to post process 
ing, exhibits greater resistance to onset of dynamic fatigue 
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induced seam cracking/delamination problem. After being 
subjected to post processing according to embodiments, 
seams exhibit good circumferential dimension tolerance, 
robust mechanical seam function, and reduced cleaning 
blade Wear. Seams treated according to embodiments are 
substantially free of seam protrusions, have smoother sur 
face morphological pro?les, have little or no seam region 
physical discontinuity, and have reduced seam area thick 
ness that greatly reduces seam region bending stress When 
the electrostatographic imaging member ?exes over small 
diameter belt module support rollers. 

[0024] These results are achieved according to embodi 
ments by, for example, providing a ?exible belt seam 
treatment apparatus comprising a support element With a 
smooth surface arranged to support a belt seam region, a belt 
hold system that holds the belt seam region against the 
support element, and a heated pressure element arranged to 
heat and force a belt seam region against the support 
element. The smooth surface supporting the belt can be 
substantially ?at or curved, and can have an abhesive 
coating, such as a ?uoropolymer. The heated pressure ele 
ment can comprise a heated pressure bar, preferably exerting 
from about 70 lbs/in2 to about 770 lbs/in2 compression force 
or can comprise a heated pressure Wheel, preferably exerting 
from about 1 lb/in to about 20 lb/in line contact force. The 
heated pressure element can be heated by a resistance 
heating element, electromagnetic induction, or any other 
suitable heating system, and can include an abhesive coat 
mg. 

[0025] Such results can also be achieved according to 
embodiments by, for example, providing a ?exible belt seam 
treatment apparatus comprising a support element With a 
smooth surface arranged to support a belt seam region, and 
a heat and pressure source arranged to heat a treatment strip 
applied to the belt seam region to a temperature falling in a 
range of from about 20° C. to about 70° C. above a glass 
transition temperature of at least one of a thermoplastic 
polymer of the treatment strip and a thermoplastic polymer 
of the belt seam region, and further arranged to exert a 
compression contact force on the treatment strip. The heat 
and pressure source can be a heated pressure bar that exerts, 
for example, from about 70 lbs/in2 to about 770 lbs/in2 
compression force on the treatment strip, and, When the 
support element is tubular, the heated pressure bar can have 
a contact surface substantially corresponding to at least an 
arcuate portion of the support element’s surface. Alterna 
tively, the heat and pressure source can be a heated pressure 
Wheel that exerts, for example, from about 1 lb/in to about 
20 lb/in line contact force on the treatment strip, and, When 
the support element is tubular, the heated pressure Wheel can 
have a contact surface substantially corresponding to at least 
an arcuate portion of the support element’s surface. An 
electromagnetic induction system, a resistive heating ele 
ment, or any other suitable heat source can act as the heat 
and pressure source. 

[0026] Such results can further be achieved according to 
embodiments by, for example, providing a ?exible belt seam 
treatment apparatus comprising a tube With a smooth, abhe 
sive outer surface, a belt hold system arranged to hold a 
seam region of a belt against at least a portion of the outer 
surface of the tube, and a heated pressure element With a 
substantially concave outer surface substantially corre 
sponding to a curvature of the at least a portion of the outer 
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surface of the tube against Which the seam region of the belt 
is held. The heated pressure element can be a heated pressure 
Wheel moved by an actuator across a Width of the seam 
region, or the heated pressure element can be a heated 
pressure bar that selectively engages an entire Width of the 
seam region in response to an actuator that moves the heated 
pressure bar into engagement With the seam region When the 
seam region is held against the tube. The belt hold system 
can comprise a vacuum system including at least one 
opening in the outer surface of the tube, a sealed end of the 
tube, and an unsealed end of the tube in selective ?uid 
communication With a vacuum source, or can comprise a bar 
that extends through a portion of the belt farthest from the 
tube and selectively pulls the belt against the tube, either in 
response to an actuator that selectively exerts force on the 
belt to pull the belt against the tube, or in response to an 
operator that places the bar in the belt so that the bar pulls 
the belt through the action of gravity on the bar. 

[0027] Although this invention deals With the seam over 
coat material formulations, it also relates to apparatus and 
lamination process for effective ?exible electrostatographic 
imaging member belts seam overcoating application, the 
folloWing Will focus only on seamed ?exible electrophoto 
graphic imaging member belts to simplify discussion. 

[0028] A more complete understanding of the process and 
apparatus of the present invention can be obtained by 
reference to the accompanying draWings Wherein: 

BRIEF DESCRIPTION OF DRAWINGS 

[0029] In the detailed description, reference is made to the 
accompanying draWings, in Which: 

[0030] FIG. 1 illustrates a schematic partial cross-sec 
tional vieW of a multiple layered ?exible sheet of electro 
photographic imaging member material With opposite ends 
overlapped. 
[0031] FIG. 2 shoWs a schematic partial cross-sectional 
vieW of a multiple layered seamed ?exible electrophoto 
graphic imaging member belt derived from the sheet illus 
trated in FIG. 1 after ultrasonic seam Welding. 

[0032] FIG. 3 illustrates a schematic partial cross-sec 
tional vieW of a multiple layered seamed ?exible electro 
photographic imaging member belt Which has mechanical 
failure due to fatigue induced seam cracking/delamination 
problem. 
[0033] FIG. 4 shoWs the cross sectional side vieW of a 
strip laminator consisting of a thin thermoplastic polymer 
laminate lightly adhering over a ?exible carrier backing 
substrate layer readily for use in invention seam overcoating 
application. 
[0034] FIG. 5 is a schematic sectional side vieW of a 
seamed ?exible electrophotographic imaging member belt 
in Which the seam is held doWn onto the ?at supporting 
surface of an elongated support member, With a strip lami 
nator (not shoWn) positioned directly over the seam, While 
subjected to an elevated temperature seam overcoating/ 
lamination process, utiliZing a ?at surfaced narroW heating 
and compression bar. 

[0035] FIG. 6 shoWs an isometric, schematic vieW of a 
seamed ?exible electrophotographic imaging member belt 
in Which the seam is parked on, With a strip laminator placed 
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directly over the seam, and held on a ?at surface of an 
elongated support member While subjected to an alternative 
seam overcoating/lamination process, utilizing a hot rolling 
compression Wheel. 

[0036] FIG. 7 is an isometric schematic vieW of a seamed 
?exible electrophotographic imaging member belt in Which 
the seam is parked on and held against the arcuate convex 
surface of an elongated support member by vacuum, While 
heating With a focus infrared red spot and coupled With a 
compression rolling Wheel, is subjected to the heating and 
compression processing of the present invention to yield 
seam overcoating/lamination and stress-release results. 

[0037] FIG. 8 illustrates the schematic, sectional side 
vieW of the seam overcoating/lamination processing 
arrangement of FIG. 7, but With the only exception that this 
exemplary embodiment used instead a C02 laser heat radia 
tion source to replace the IR heating source shoWn in FIG. 
7 for achieving the very same invention result. 

[0038] FIG. 9 shoWs the isometric, schematic vieW of a 
seamed ?exible electrophotographic imaging member belt 
in Which the seam is parked on and held over the arcuate 
convex surface of an elongated support member by vacuum 
While subjected to another invention variance seam over 
coating/lamination processing, utiliZing a hot rolling com 
pression Wheel. 

[0039] In the draWings and the folloWing description 
beloW, it is to be understood that like numeric designations 
refer to components of like function. 

DETAILED DESCRIPTION 

[0040] Although speci?c terms are used in the folloWing 
description for the sake of clarity, these terms are intended 
to refer only to the exemplary embodiment selected for 
illustration in the draWings, and are not intended to de?ne or 
limit the scope of the invention. 

[0041] Referring to FIG. 1, there is illustrated a ?exible 
electrophotographic imaging member 10 in the form of a 
belt formed from a sheet having a ?rst end marginal region 
12 overlapping a second end marginal region 14 to form an 
overlap region ready for a seam forming operation. The 
?exible electrophotographic member 10 can be used Within 
an electrophotographic imaging device and can be a single 
?lm substrate member or a member having a ?lm substrate 
layer combined With one or more additional coating layers. 
At least one of the coating layers comprises a ?lm forming 
binder. 

[0042] The ?exible electrophotographic imaging member 
10 can be a single layer or comprise multiple layers. If the 
?exible electrophotographic imaging member 10 is to be a 
negatively charged photoreceptor device, the ?exible elec 
trophotographic imaging member 10 may comprise a charge 
generator layer sandWiched betWeen a conductive surface 
and a charge transport layer. Alternatively, if the ?exible 
imaging member 10 is to be a positively charged photore 
ceptor device, the ?exible imaging member 10 may com 
prise a charge transport layer sandWiched betWeen a con 
ductive surface and a charge generator layer. 

[0043] The layers of the ?exible electrophotographic 
imaging member 10 can comprise numerous suitable mate 
rials having suitable mechanical properties. Examples of 
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typical layers are described in Us. Pat. No. 4,786,570, US. 
Pat. No. 4,937,117, and US. Pat. No. 5,021,309, the entire 
disclosures of Which are incorporated herein by reference. 
The ?exible electrophotographic imaging member 10 of 
embodiments shoWn in FIG. 1 comprises, from top to 
bottom, a charge transport layer 16, a generator layer 1, an 
interface layer 20, a blocking layer 22, a conductive ground 
plane layer 24, a supporting layer 26, and an anti-curl back 
coating layer 28. It should be understood that the thicknesses 
of the layers are conventional and that a Wide range of 
thicknesses can be used for each of the layers. 

[0044] The end marginal regions 12 and 14 can be joined 
by any suitable means including gluing, taping, stapling, 
pressure and heat fusing to form a continuous member such 
as a belt, sleeve, or cylinder. HoWever, for ease of belt 
fabrication, short operation cycle time, and the mechanical 
strength of the fabricated joint, embodiments employ an 
ultrasonic Welding process to join the end marginal regions 
12 and 14 into a seam 30 in the overlap region, as shoWn in 
FIG. 2, to form a seamed ?exible electrophotographic 
imaging member 10 in the form of a belt. In the ultrasonic 
seam Welding process, ultrasonic energy applied to the 
overlap region is used to melt suitable layers such as the 
charge transport layer 16, generator layer 18, interface layer 
20, blocking layer 22, part of the support layer 26 and/or 
anti-curl back coating layer 28. Direct fusing of the support 
layer achieves optimum seam strength. 

[0045] Upon completion of Welding the overlap region of 
the ?exible electrophotographic imaging member sheet into 
a seam 30 using ultrasonic seam Welding technique, the 
overlap region is transformed into an overlapping and abut 
ting region as illustrated in FIGS. 2 and 3. Within the 
overlapping and abutting region, the portions of the ?exible 
electrophotographic imaging member 10, Which once 
formed the end marginal regions 12 and 14, are joined by the 
seam 30 such that the once end marginal regions 12 and 14 
are overlapping and abutting one another. The seam 30, 
indicated by a dashed line in FIG. 2, comprises tWo vertical 
portions joined by a horiZontal portion. The midpoint of 
seam 30 can be represented by an imaginary centerline 
extending the length of seam 30 from one edge of belt 10 to 
the opposite edge, the imaginary centerline (not shoWn) 
running along the middle of the horiZontal portion Which 
joins the tWo vertical portions illustrated in FIG. 2. In other 
Words, a plan vieW (not shoWn) of the horiZontal portion of 
seam 30 Would shoW a strip much like a tWo lane highWay 
in Which the centerline Would be represented by the White 
divider line separating the tWo lanes, the tWo lanes com 
prising end marginal regions 12 and 14. The ?exible elec 
trophotographic imaging member 10 has a ?rst major exte 
rior surface or side 32 and a second major exterior surface 
or side 34 on the opposite side. The seam 30 joins the 
?exible electrophotographic imaging member 10 so that, the 
bottom surface 34 at and/or near the ?rst end marginal 
region 12 is integral With the top surface 32 at and/or near 
the second end marginal region 14. Generally, the bottom 
surface 34 includes at least one layer immediately above the 
bottom of the belt in the ?rst end marginal region 12, and the 
top surface 32 includes including at east one layer immedi 
ately beloW the top of the belt in the second end marginal 
region 14. 

[0046] The Welded seam 30 in embodiments also contains 
upper and loWer splashings 68 and 70 at each end thereof as 
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illustrated in FIGS. 2 and 4. The splashings 68 and 70 are 
formed in the process of joining the end marginal regions 12 
and 14 together When molten material is necessarily ejected 
from either side of the overlap region to facilitate direct 
support-layer-to-support-layer fusing. The upper splashing 
68 is formed and positioned above the overlapping end 
marginal region 14, abutting the top surface 32 and adjacent 
to and abutting the overlapping end marginal region 12. The 
loWer splashing 70 is formed and positioned beloW the 
overlapping end marginal region 12, abutting bottom surface 
34 and adjacent to and abutting the overlapping end mar 
ginal region 14. The splashings 68 and 70 extend beyond the 
sides and the edges of the seam 30 in the overlap region of 
the Welded ?exible electrophotographic imaging member 
10. The extension of the splashings 68 and 70 beyond the 
sides and the edges of the seam 30 is undesirable for many 
machines such as electrophotographic copiers, duplicators, 
and other such machines that require precise edge position 
ing of a ?exible electrophotographic imaging member 10 
during machine operation. Generally, the extension of the 
splashings 68 and 70 at the belt edges of the ?exible 
electrophotographic imaging member 10 are removed by a 
notching operation. 

[0047] A typical upper splashing 68 has a height or 
thickness t of about 90 micrometers and projects about 17 
microns above the surface of the overlapping end marginal 
region 12. Each of the splashings 68 and 70 has an uneven, 
but generally rectangular, shape including one side 72, a free 
side that forms a free end, extending inwardly toWard top 
surface 32 from an outWardly facing side 74, Which extends 
substantially parallel to either the top surface 32 or the 
bottom surface 34. The free side 72 of the splashing 68 
forms an approximately perpendicular angle 01 With the 
bottom surface 34 of the ?exible electrophotographic imag 
ing member 10 at a junction 76. Likewise, the free side 72 
of the splashing 70 forms an approximately perpendicular 
angle 02 at a junction 78 of the free side 72 of the loWer 
splashing 70 and the bottom surface 34 of the ?exible 
imaging member 10. Both junctions 76 and 78 create focal 
points for stress concentration and become initial points of 
failure affecting the mechanical integrity of the ?exible 
electrophotographic imaging member 10. 

[0048] During machine operation, the seamed ?exible 
electrophotographic imaging member 10 cycles or bends 
over rollers, particularly small diameter rollers, of a belt 
support module Within an electrophotographic imaging 
apparatus. As a result of dynamic bending/?exing of the 
?exible electrophotographic imaging member 10 during 
cycling, the rollers repeatedly exert a force on the ?exible 
imaging member 10 that causes large stresses to develop 
generally adjacent to the seam 30 due to the excessive 
thickness and material discontinuity thereof. The stress 
concentrations that are induced by bending near the junction 
points 76 and 78 can reach values much larger than the 
average value of the stress over the entire length of the 
?exible electrophotographic imaging member 10. The 
induced bending stress is inversely related to the diameters 
of a roller that the ?exible imaging member 10 bends over 
and directly related to the thickness of the seam 30 of the 
?exible electrophotographic imaging member belt 10. When 
a structural member, such as the ?exible electrophotographic 
imaging member 10, contains a sudden increase in cross 
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sectional thickness at the overlap region, high localiZed 
stress occurs near the discontinuity, e.g. junction points 76 
and 78. 

[0049] When the ?exible electrophotographic imaging 
member 10 bends over the rollers of a belt module Within an 
electrophotographic imaging apparatus, the bottom surface 
34 of the ?exible electrophotographic imaging member 10, 
Which is adapted to contact the exterior surface of the roller, 
is compressed. In contrast, the top surface 32 is stretched 
under tension. This is attributable to the fact that the top 
surface 32 and bottom surface 34 move in a circular path 
about the circular roller. Since the top surface 32 is at greater 
radial distance from the center of the circular roller than the 
bottom surface 34, the top surface 32 must travel a greater 
distance than the bottom surface 34 in the same time period. 
Therefore, the top surface 32 must be stretched under 
tension relative to a generally central portion of the ?exible 
electrophotographic imaging member 10 (the portion of the 
?exible electrophotographic imaging member 10 generally 
extending along the center of gravity of the ?exible imaging 
member 10). LikeWise, the bottom surface 34 must be 
compressed relative to the generally central portion of the 
?exible imaging member 10 (the portion of the ?exible 
electrophotographic imaging member 10 generally extend 
ing along the center of gravity of the ?exible electrophoto 
graphic imaging member 10). Consequently, the bending 
stress at the junction point 76 Will be tension stress, and the 
bending stress at the junction point 78 Will be compression 
stress. 

[0050] Compression stresses, such as at the junction point 
78, rarely cause seam 30 failure. Tension stresses, such as at 
junction point 76, hoWever, are much more of a problem. 
The tension stress concentration at the junction point 76 in 
great likelihood Will eventually result in crack initiation 
through the electrically active layers of the ?exible electro 
photographic imaging member 10 as illustrated in FIG. 3. 
The illustrated crack 80 is adjacent to the top splashing 68 
of the second end marginal region 14 of the ?exible elec 
trophotographic imaging member 10. The generally verti 
cally extending crack 80 initiated in the charge transport 
layer 16 continues to propagate through the generator layer 
18. Inevitably, the crack 80 extends generally horiZontally to 
develop seam delamination 81 Which is propagated through 
the relatively Weak adhesion bond betWeen the adjoining 
surfaces of the generator layer 18 and the interface layer 20. 

[0051] The formation of the local seam delamination 81 is 
typically called seam puf?ng. The excess thickness of the 
splashing 68 and stress concentration at the junction 76 
causes the ?exible electrophotographic imaging member 10 
to perform, during extended machine operation, as though a 
material defect existed therein. Thus, the splashing 68 tends 
to promote the development of dynamic fatigue failure of 
the seam 30 and can lead to separation of the joined end 
marginal regions 12 and 14 severing the ?exible imaging 
member 10. Consequently, the service life of the ?exible 
imaging member 10 is shortened. 

[0052] In addition to seam failure, the crack 80 acts as a 
depository site and collects toner, paper ?bers, dirt, debris, 
and other unWanted materials during electrophotographic 
imaging and cleaning of the ?exible electrophotographic 
imaging member 10. For example, during the cleaning 
process, a cleaning instrument, such as a cleaning blade, Will 
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repeatedly pass over the crack 80. As the site of the crack 80 
becomes ?lled With debris, the cleaning instrument dis 
lodges at least some portion of this highly concentrated level 
of debris from the crack 80. The amount of the debris, 
hoWever, is beyond the removal capacity of the cleaning 
instrument, and portions of the highly concentrated debris 
are deposited onto the surface of the ?exible electrophoto 
graphic imaging member 10. In effect, the cleaning instru 
ment spreads the debris across the surface of the ?exible 
electrophotographic imaging member 10 instead of remov 
ing the debris therefrom. 

[0053] In addition to seam failure and debris spreading, 
the portion of the ?exible member 10 above the seam 
delamination 81, in effect, becomes a ?ap Which moves 
upWardly. The upWard movement of the ?ap presents an 
additional problem during the cleaning operation. The ?ap 
becomes an obstacle in the path of the cleaning instrument 
as the instrument travels across the surface of the ?exible 
electrophotographic imaging member 10. The cleaning 
instrument eventually strikes the ?ap When the ?ap extends 
upWardly. As the cleaning instrument strikes the ?ap, great 
force is exerted on the cleaning instrument Which can lead 
to damage thereof, e.g., excessive Wear and tearing of the 
cleaning blade. 

[0054] In addition to damaging the cleaning blade, the 
striking of the ?ap by the cleaning instrument causes 
unWanted vibration in the ?exible electrophotographic 
imaging member 10. This unWanted vibration adversely 
affects the copy/print quality produced by the ?exible elec 
trophotographic imaging member 10. The copy/print is 
affected because imaging occurs on one part of the ?exible 
imaging member 10 simultaneously With the cleaning of 
another part of the ?exible imaging member 10. 

[0055] To overcome the problems associated With seam 
cracking and delamination, embodiments employ a seam 
treatment article, treatment strip, or laminator strip 32 
applied in a strip to the seam region in a particular fashion. 
A laminator strip 32 according to embodiments, shoWn, for 
example, in cross-section in FIG. 4, comprises a ?lm or thin 
laminate 34 adhering to a ?exible backing substrate layer 36. 
Embodiments employ a thickness of the laminate 34 of 
betWeen about 5 micrometers and about 50 micrometers; 
particularly, good results can be achieved With a thickness of 
betWeen about 10 micrometers and about 30 micrometers. 

[0056] Laminate 34 is a ?lm-forming thermoplastic poly 
mer that, in embodiments, is substantially identical or sub 
stantially compatible With (compatible means it can form 
polymer blend) the polymer binder of the charge transport 
layer of the ?exible imaging member. In this context, 
compatible means that the thermoplastic polymer ?lm 34 
can form a polymer blend With the polymer binder of the 
charge transport layer. Alternatively, embodiments can 
employ a laminate 34 that is a polymer blend of the polymer 
binder and a ?lm-forming thermoplastic polymer. In addi 
tion, the laminate 34 of embodiments can contain organic 
charge transport molecule of the same kind or of a different 
kind as that of the charge transport layer. The laminate 34 of 
embodiments can have a Width of from about 2 mm to about 
15 mm, but can yield better results With a Width of betWeen 
about 3 and about 10 mm. The laminate 34 must be 
compressible and malleable under the heat and compression 
processing conditions to enable bonding to the seam and 
facilitate ?lling the physical discontinuities of the seam. 
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[0057] Although the ?exible backing substrate layer 36 
can be a metallic foil or a high glass transition temperature 
(Tg) ?exible polymer substrate, use of a polymer substrate 
that is substantially not affected by the heat and compression 
of embodiments is preferred. Materials such as polyethylene 
terephthalate (PET, also knoWn as Mylar), polyethylene 
naphthalate (Kadelex), polyimide (Kapton), and the like 
meet such requirements and can be used in embodiments. A 
thickness of betWeen about 2 mils and about 5 mils is 
satisfactory in embodiments, and a Width equal to the Width 
of the laminate can be employed, With even better seam 
overcoating/lamination results achieved in embodiments 
having a substrate about 2 to about 5 mm Wider on each side 
of the laminate 34. The laminate 34 preferably has, in 
embodiments, an 180° adhesion peel strength over the 
backing substrate layer 36 of betWeen about 3 g/cm and 
about 8 g/cm to ensure that the substrate can be readily 
stripped off of the overcoat after completion of the treatment 
process. Although in embodiments the laminator strip 32 is 
preferred to be a dual-layer strip as illustrated in FIG. 4, it 
can also be just a single laminate layer 34 if desired. 

[0058] An apparatus for carrying out embodiments of the 
treatment method includes a heat source or heating means 

that heats the seam region (the area of the imaging member 
10 around the seam 30) after the laminate has been placed 
in contact With the seam. Embodiments also include means 
for applying pressure to the heated region. In embodiments, 
as shoWn in FIG. 5, a hot compression bar or plate 145 is 
the heat source and provides localiZed heating and compres 
sion of the region about the seam 30, directly over Which a 
laminator strip (not shoWn) has been placed, to yield seam 
overcoating/lamination result. Embodiments also include 
means to hold the seam region in place during treatment, 
such as a vacuum system. Thus, While the seam 30 of 
imaging member 10 is positioned and vacuum held doWn on 
the ?at smooth supporting surface of support member 138, 
the heat source heats the seam region and strip. The hot 
compression bar 145, preferably metallic, has a smooth 
outer contacting surface that is coated With a thin abhesive 
or loW surface energy coating to prevent imaging layer 
material and the laminator strip from adhering to its surface 
When seam overcoating/lamination processing is carried out. 
Any suitable abhesive or loW surface energy material can be 
employed, including ?uoropolymers, such as Te?on, sili 
cone, polyimide, and the like. A thin Te?on coating on the 
smooth contacting surface is preferred in embodiments 
because it promotes ease of release and prevents imaging 
member material from sticking to the surface of the heating/ 
compression bar 145 When making compression contact 
during seam lamination processing treatment. The ef?ciency 
of heat energy delivery from the heating/compression bar 
145, preferably comprising resistance elements (not shoWn) 
temperature control, to the laminator strip and seam area 
during contact is adjusted by any suitable device, such as a 
conventional adjustable variac 132, to provide suf?cient 
poWer to raise the temperature of the laminator strip and 
seam area from about 20° C. to 70° C. above the Tg of the 
thermoplastic polymer material in the charge transport layer 
(Tg of the laminate if it is loWer than that of the charge 
transport layer) of the electrophotographic imaging member 
10. This thermoplastic polymer material is the top layer of 
the imaging member, Which is for example the charge 
transport layer comprising a polymer binder With dissolved 
or molecularly dispersed charge transport compound, of 
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electrophotographic imaging member. Conventional ther 
mostats can be employed to regulate the temperature of the 
heating/compression bar 145A narrow vacuum channel 140 
can be used in embodiments on each side of the support 
member to vacuum hold the belt 10 doWn against the ?at 
supporting surface of support member 138. The vacuum 
channels 140 can be about 25 millimeters apart and extend, 
on each side of seam 30, along the support member 138 to 
about the full Width of the belt 10. Suitable Widths for the 
vacuum channels can be about 60 mils (1.5 The upper 
ends of the vacuum channels 140 are open, and the loWer 
ends are connected by a suitable device, such as a valved 
?exible hose (not shoWn), leading to any suitable vacuum 
source. After belt 10 is placed onto support member 138, 
such as manually or by any suitable conventional robotic 
device, the initially closed valve on the ?exible hose to the 
vacuum source is opened, enabling the device to suck the 
belt 10 against the upper, ?at, smooth surface of support 
member 138. This suction holds the belt 10 substantially 
immobile on support member 138 during seam overcoating/ 
lamination processing. If desired, embodiments can include 
a plurality of holes of any suitable shape (e.g. round, oval, 
square, and the like) instead of or in addition to the channels 
140. The number and siZe of the holes should be suf?cient 
to hold the belt 10 against the support member. The siZe of 
the channels and holes should be small enough to avoid 
distortion of the belt during the seam area heating and 
compression process. The resistance of the belt to distortion 
When suction is applied depends on the beam strength of the 
speci?c belt employed, Which in turn depends upon the 
speci?c materials in and thickness of the layers in the belt 
10. The support member 138 may comprise any suitable 
hard material. Typical materials include, for example, hard 
plastic, having a smooth and polished surface. Preferably, 
support member 138 is metallic. 

[0059] In embodiments, the heating/compression bar 145 
preferably has a Width of betWeen about 6 millimeters and 
about 30 millimeters With a length suf?cient to cover the 
seam 30 along the entire Width of the imaging member 10. 
In the process, heating/compression bar 145 compresses 
against laminator strip and seam 30 to make intimate force 
contact With the seam. Such intimate force contact made by 
heating/compression bar 145 substantially instantaneously 
elevates the temperature of a small localiZed region of the 
imaging layer adjacent to seam 30 of the imaging member 
containing thermoplastic polymer. This small localiZed 
region of the imaging layer in the upper portion of the seam 
region is heated substantially instantly above the Tg of the 
thermoplastic polymer. Typically, the Tg of a ?lm forming 
polymer used for an electrophotographic imaging layer, e.g., 
the charge transport layer, is at least about 45° C. to satisfy 
most imaging belt machine operating conditions. The imag 
ing layer of an imaging member is a charge transport layer 
if the imaging member is an electrophotographic imaging 
member and a dielectric layer if the imaging member is an 
electrographic imaging member. Since the charge transport 
layer of embodiments is a composite comprising a polymer 
binder, a dissolved or molecularly dispersed charge transport 
organic compound, and optional pigment particles, the Tg in 
this case is a Tg of the combination. Thus, the expression 
polymer material as employed herein is de?ned as the 
polymer and any other material present in an imaging layer 
or in the laminate. Such polymer materials used for elec 
trophotographic imaging layer coating applications nor 
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mally have a Tg of at least about 45° C. to satisfy most 
imaging belt machine operating conditions. Preferably, the 
seam area heating and compression process is carried out 
betWeen about 20° C. and about 70° C. above the Tg of the 
thermoplastic polymer material of the imaging layer (e.g., 
charge transport layer) or the laminate (Whichever one has 
the loWer Tg) in order to yield strong overcoated laminate 
adhesion bonding onto the seam region, surface smoothing 
result, good physical continuity transition at the seam 
region, and seam region thickness reduction outcome. 
Occurrence of material melting, distortion, or cutting 
through of the seam components during heat/compression 
processing treatment should be avoided, because this Weak 
ens or damages the belt. 

[0060] For processing a ?exible imaging member having 
a skeWed seam, the belt itself can be cocked and adjusted 
such that the seam is positioned, Without skeWing, on the ?at 
support member 138 and under the heating/compression bar 
145. Compression bar 145 contacts and compresses the 
laminator strip and seam 30 While the belt 10 is held doWn 
against the ?at supporting surface of the support member 
138 by the vacuum channels 140. During pressure contact, 
the heat conduction from the hot compression bar 145 heats 
up the seam region to the desirable temperature and the 
compression pressure generated by the bar facilitates the 
bonding of the laminate to the seam to provide surface 
smoothing, eliminate or minimiZe seam region physical 
discontinuity, as Well as reduce seam region thickness. The 
compression bar 145 preferably exerts a compressive pres 
sure of betWeen about 70 lbs/in2 (5 kg/cm2) and about 770 
lbs/in2 (55 kg/cm2) on the laminator strip and seam region in 
order to achieve the invention seam overcoating/lamination 
result. An effective temperature range used for heat treating/ 
laminating an overcoat onto the seam of a typical ?exible 
photoreceptor belt, comprising a top exposed charge trans 
port layer containing a thermoplastic polycarbonate polymer 
and a dissolved or molecularly dispersed charge transport 
compound, is appropriately selected to be in a range of 
betWeen about 85° C. (185° and about 97° C. (206° F.), 
based on the fact that the charge transport layer With a 
thickness of about 24 micrometers has a Tg of about 82° C. 
(180° Since the preferred imaging member seam lami 
nation treatment embodiment of this invention involves heat 
and pressure contact With only the seam region (a small 
surface area), the desired lamination treatment temperature 
is readily reached and cooling of the heat treated seam 
region to room ambient is quickly attained, the entire 
overcoating/lamination processing is completed Within a 
short cycle time. Generally, the cycle time of the seam 
overcoating/lamination processing for the typical photore 
ceptor belt can be accomplished in less than about 20 
seconds With the process of this invention for belts having a 
Width of betWeen about 20 centimeters and about 60 centi 
meters. 

[0061] An alternate heat source and pressure applying 
system usable in embodiments is illustrated in FIG. 6. A 
single heated, rotatable compression Wheel 150 is rolled 
over the laminator strip 32 and seam 30 of belt 10, Which is 
parked and held doWn by vacuum (not shoWn) on a smooth 
?at surface of support member 148. The geometry and 
design of ?at support member 148 is identical to the support 
member 138 shoWn in FIG. 5. Compression Wheel 150 can 
have a ?at outer peripheral surface pro?le that exerts straight 
line compression contact against the seam to smooth the 
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exposed surface of seam 30, eliminate protrusions, and 
reduce the seam region thickness. The direction of the 
compression force vector is perpendicular to the surface of 
the support member. The loWer edge pro?le of the peripheral 
surface of Wheel 150 is straight and substantially parallel to 
the smooth ?at surface of the support member 148 during 
seam treatment. This peripheral surface should be main 
tained at a temperature suf?cient to raise the temperature of 
the thermoplastic polymer material of the top layer, the 
imaging layer, of the belt seam to at least its glass transition 
temperature Tg. The peripheral surface of Wheel 150 pref 
erably has a thin coating surface of abhesive material to 
prevent imaging layer material from adhering to the periph 
eral surface of Wheel 150 during the seam overcoating/ 
lamination process. Any suitable abhesive material can be 
used. Typical loW surface energy or abhesive materials 
include, for example, ?uoropolymers, such as Te?on, sili 
cone, polyimide, and the like. The heated compression 
Wheel 150 is preferably metallic With a smooth peripheral 
surface. Heating of the Wheel can be accomplished by any 
suitable device such as, for example, by an electromagnetic 
induction RF heating mechanism 152 to give the desired 
temperature When Wheel 150 traverses the full Width of belt 
10 and over seam 30 to compress the seam. Alternatively, 
any other suitable device, such as a resistance Wire heating 
system 154 can be employed to heat compression Wheel 150. 
Where the resistance Wire is part of the Wheel, any suitable 
electrical connection, such as slip rings 156, can be used to 
provide electrical energy to the resistance Wires. Suf?cient 
heat energy should be supplied to Wheel 150 to adequately 
heat the peripheral surface thereof. Preferably, the hot rotat 
able compression Wheel 150 is reciprocated and the support 
member 148 carrying belt 10 remain stationary during the 
seam treatment. HoWever, if desired, the support tube and 
belt can be moved and the Wheel remains stationary or both 
can be reciprocated to achieve relative motion With each 
other. Wheel 150 remains rotatable and exerts a linear 
compression force of betWeen about 1 lb/in. (0.18 kilo 
grams/cm) and about 20 lbs/in. (3.6 kilograms/cm) over the 
laminator strip and seam region during any of the aforesaid 
seam treatment embodiments. Since the line force of com 
pressive contact, generated by the continuous rolling Wheel 
pressure action against the laminator strip 32 across the 
entire belt Width, at least matches or is greater than the Width 
of strip 32 at the site on the seam heated by the hot Wheel 
150, the compressive line of force contact is perpendicular 
to the seam length and of in?nite numbers or continuum as 
the hot Wheel rolls and traverses to effect full seam over 
coating/lamination. 

[0062] Another heat source usable in embodiments 
includes infrared radiation sources. Embodiments can, for 
example, use incandescent lamps or high intensity discharge 
lamps as the heat source. Additionally, optics, such as, for 
example, re?ectors, lenses, and ?lters, can be used to alter 
the character, path, and intensity of the output of such 
infrared radiation sources. An example of an infrared radia 
tion heat source arrangement usable in embodiments is 
illustrated in FIG. 7. A high poWer tungsten halogen quartZ 
bulb infrared (IR) is the heat source 103, and provides 
localiZed, focused IR heating. Preferably, optics are 
employed to create a small, substantially circular heat spot 
that preferably straddles the laminator strip 32 after the strip 
32 is placed on the seam 30 of imaging member 10. The 
seam region is, for example, held doWn on a holloW support 

Mar. 25, 2004 

cylinder 90 at about the 12 o’clock position. A free rotating 
compression Wheel 108 folloWs the heat spot to provide 
localiZed compression to the heated portions of the lamina 
tor strip 32 and the seam region of imaging member 10. The 
circular IR heat spot should have a diameter sufficient to 
cover, yet not to exceed, the entire Width of the laminator 
strip 32 in order to impart an effective result. In embodi 
ments, this Width can be betWeen about 2 mm and about 15 
mm in spot diameter. Compression Wheel 108, trailing right 
behind the IR heat spot, is biased against the laminator strip 
32 (placed over the seam 30) by a spring 110 to provide the 
needed compression force. Both the IR heat source 103 and 
compression Wheel 108 are supported by any suitable means 
112 (partially shoWn), such as part of the frame of the 
processing device. An advantage of using a curved, convex 
surface is to provide seam bending stress release; the pro 
cessed seam obtained according to embodiments employing 
such a curved surface can yield an enhanced seam cracking/ 
delamination life extension result under normal operating 
conditions. 

[0063] As in the previous examples, a narroW vacuum 
channel 104 can be used in embodiments on each side of the 
holloW support cylinder 90 to hold the belt 10 doWn against 
the arcuate convex surface of cylinder 90. The vacuum 
channels 140 can be about 180° apart and extend axially 
along each side of cylinder 90. Suitable Widths for the 
vacuum channels can be about 60 mils (1.5 One end 
of tube 90 is sealed (not shoWn) and the other is connected 
by a suitable device such as a valved ?exible hose (not 
shoWn) to any suitable vacuum source. After belt 10 is 
placed onto the tube 90, such as manually or by any suitable 
conventional robotic device, the initially closed valve on the 
?exible hose to the vacuum source is opened, enabling the 
device to suck the belt 10 against the upper, arcuate, convex 
surface of tube 90 and to achieve a substantially 180 degree 
Wrapping of belt 10 around the upper, arcuate, convex 
surface of tube 90. plugs, seals, end-caps, or the like can be 
used to close the end openings of supporting tube 90 to 
ensure vacuum buildup. This suction holds the belt 10 
substantially immobile on the tube 90 during seam over 
coating/lamination processing. If desired, embodiments can 
include a plurality of holes of any suitable shape (e.g. round, 
oval, square, and the like) instead of or in addition to the 
slots 104. The number and siZe of the holes should be 
suf?cient to hold the belt 10 against the support member. The 
siZe of the slots and holes should be small enough to avoid 
distortion of the belt during the seam area heating and 
compression process. The resistance of the belt to distortion 
When suction is applied depends on the beam strength of the 
speci?c belt employed, Which in turn depends upon the 
speci?c materials in and thickness of the layers in the belt 
10. 

[0064] In embodiments, the supporting cylindrical tube 90 
for imaging belt 10 has an outer radius of curvature of, for 
example, betWeen about 9.5 millimeters and about 50 mil 
limeters (i.e. diameter of curvature of betWeen about 19 
millimeters and about 100 millimeters). When the radius of 
curvature chosen for invention seam overcoating/lamination 
processing is less than about 9.5 millimeters (i.e. diameter of 
curvature of about 19 millimeters), the beam rigidity of the 
electrophotographic imaging belt Will raise the belt 10 
bending resistance so high that only a very small curvature 
can be achieved prior to carrying out the treatment. When 
the radius of curvature is greater than about 50 millimeters 
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(i.e. diameter of curvature of about 100 micrometers), the 
seam stress-release is not fully realized because little or 
insigni?cant seam bending stress-release in the imaging 
layer is obtained. 

[0065] With reference again to FIG. 7, the electrophoto 
graphic imaging belt 10 is positioned With belt seam 30 
parked directly over supporting cylindrical tube 90, so that 
the arcuate convex surface of tube 90 is in intimate contact 
With the back surface of belt 10 With the top imaging surface 
of belt 10 facing aWay from tube 90. If desired, to further 
assure intimate contact and conformance of the belt to the 
top convex surface of the tube 90 (say for instance, the belt 
is making an 180° Wrap around the tube), a slight belt 
tension can be applied to the belt 10 by any suitable means 
such as, for example, by inserting a light Weight cylindrical 
tube of the same outer diameter as tube 90 inside the loWer 
loop of belt 10 While the belt 10 is hanging from tube 90. 
Tube 90 can be cantilevered by securing one end to a 
supporting Wall or frame. A desirable imaging member 
Wrapped angle for the seam segment parking over the back 
supporting cylindrical tube 90 should provide an arcuate 
convex area at the seam region at least about as Wide as the 
diameter of the heated substantially circular IR spot. It is 
preferred that the Wrap angle encompassing the seam and 
region of the belt adjacent each side of the seam conforming 
to the arcuate convex supporting surface of the support 
member be betWeen about 10° and about 180°. The material 
used for tube 90 must be very hard and nearly incompress 
ible. It can be of any suitable material, including, for 
example, metal, plastic, composites, and the like, but is 
preferably metallic. Although the imaging member 10 is 
shoWn to be held doWn against the convex upper surface of 
the full circular support tube 90 in FIG. 7, the elongated 
support member may alternatively have any other suitable 
shape such as an elongated half circle, an elongated partial 
circle, a bar having an arcuate convex surface on the side 
contacting the seam, and the like, provided the support 
member employed has an arcuate convex curve surface 
sufficient to retain and hold doWn the entire length of the 
seam region of the parked belt during seam overcoating/ 
lamination processing. 
[0066] The IR tungsten halogen quartZ bulb 105 emits a 
dominant radiant Wavelength of about 0.98 micrometer. 
Preferably, at least about 80 percent of the radiation emitted 
by the tungsten halogen quartZ bulb 105 has a radiant 
Wavelength of about 0.98 micrometer. A typical, commer 
cially available, high poWered IR tungsten halogen quartZ 
bulb 105 that can be used in heating source 103 is a Model 
4085 infrared heating bulb, available from Research, Inc., 
and comprises a 750 Watt tungsten halogen quartZ bulb 
(750Q/CL, available from Research, Inc.) positioned at a 
focal point inside an aluminum hemi-ellipsoid shaped heat 
re?ector 106 similar to the schematic arrangement shoWn in 
FIG. 7. This IR heating bulb 105 has an adjustable energy 
output to give suitable IR heat spot temperature; for 
example, With heat ?ux densities to 650 Watts per square 
inch (1007 kiloWatts per square meter) at a 6 millimeter 
diameter focal point of the converging infrared energy. A 
500 Watt tungsten halogen quartZ bulb is also available form 
Research, Inc., and other suitable bulbs could be obtained 
from other manufacturers. Bulb 105 is positioned inside an 
hemi-ellipsoid re?ector 106 at the focal point of the re?ector 
so that all the re?ected energy from bulb 105 converges at 
another focal point outside of the re?ector 106. If the 
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hemi-ellipsoid re?ector Were formed into a complete ellip 
soid rather than half an ellipsoid, there Would be tWo 
symmetrically positioned focal points, one Where the bulb 
105 is located and the other Where the re?ected energy from 
the bulb 105 converges. The re?ector can be made of any 
suitable coated or uncoated material. Typical materials 
include, for example, uncoated aluminum, gold plated metal, 
stainless steel, silver, and the like. If desired, the re?ector 
can contain openings to facilitate the circulation of a cooling 
gas. An increase in the area of the openings in the re?ector 
Will reduce the amount of re?ected energy from bulb 105 
that converges at another focal point outside of the re?ector 
106. The distance betWeen the re?ector and the outer surface 
of the seam is adjusted by any suitable positioning device, 
such as, for example, a conventional lead screW and ball 
device 88. Any other suitable device, such as a rod ?xed to 
a movable carriage and sliding collar ?tted With a set screW, 
the collar being secured to the re?ector and slidable on the 
rod, can be used so long as a high intensity, substantially 
circular IR spot can be formed. The diameter of the spot is, 
for example, betWeen about 2 millimeters and about 15 
millimeters and covers the entire Width of the laminator strip 
32. This high intensity focused circular IR spot substantially 
instantaneously elevates the temperature of only a small 
localiZed region, suf?cient enough to cover the Width of the 
laminator strip 32 and to exceed the glass transition tem 
perature (Tg) of the charge transport layer in the seam area 
or the laminate 34 of laminator strip 32. Typically, the Tg of 
a ?lm forming polymer in the formulation used for electro 
photographic imaging layer coating applications is at least 
about 45° C. to satisfy most imaging belt machine operating 
conditions. Preferably, the heat exposure spot in embodi 
ments should be betWeen about the 20° C. and about 70° C. 
above the loWer of the Tg of the imaging layer or the 
laminate 32 to achieve suf?cient seam overcoating/lamina 
tion and stress release results. 

[0067] The IR heating source 103 is moved substantially 
continuously or incrementally, along and above, the lami 
nator strip 32 and the seam 30, by manually or automatically 
means, such as by any suitable horiZontally reciprocateable 
carriage system (not shoWn). Typical horiZontally recipro 
cateable carriage systems include, for example, ball screW, 
tWo Way acting air cylinder, lead screW and motor combi 
nation, belt or chain drive slide system, and the like. A 
relative speed of movement betWeen the heating source/ 
compression Wheel assembly and the support tube 90 hold 
ing the seamed belt 10 can be from about 1 centimeter to 
about 20 centimeters per second With satisfactory results. A 
relative speed betWeen about 2.5 centimeters and about 12.5 
centimeters per second yields better results. Alternatively, if 
desired, the Whole integral part of the IR heat source 103 
With compression Wheel assembly can be held stationary 
While the tube 90 carrying the hold-doWn imaging member 
can be set to motion, in exact but reversed manners as just 
described, to achieve the same processing outcome. 

[0068] The rotatable compression Wheel 108 illustrated in 
FIG. 7 can have a peripheral surface With an arcuate, 
concave cross section With a curvature that substantially 
corresponds to or is slightly larger than the predetermined 
curvature of the arcuate, convex, substantially semicircular 
cross section of the elongated surface of the upper half of the 
support tube 90. The Wheel 108 produces a compression line 
pressure contact betWeen the peripheral surface of the Wheel 
and outer surface of the seam, augmented by tension force 














